Primary and secondary kinetic isotope effects as probes of the mechanism of yeast enolase.
Enolase catalyzes the interconversion of 2-phosphoglycerate and phosphoenolpyruvate. Kinetic isotope effects have been used to determine whether abstraction of the proton from C-2 and loss of hydroxide from C-3 of 2-phosphoglycerate occur in a concerted reaction or as sequential processes and whether these steps are kinetically significant for the enolase-catalyzed reaction. Enolase exhibits a significant primary deuterium isotope effect, as well as catalyzing the relatively rapid exchange of the C-2 proton with solvent water. Secondary C-3 deuterium isotope effects are also reported, both when the C-2 carbon carries a hydrogen and when this center is deuterated. These results provide information about the kinetic significance and timing of the transition state(s) associated with the loss of H+ and OH-. Strong evidence has been presented for a stepwise mechanism where both the rate of proton abstraction and one or both of the later transition states, i.e., those associated with hydroxide loss and product release, limit the overall reaction rate. If a concerted reaction were to be invoked, the presence of a small secondary 2H isotope effect in combination with the observed rate of exchange of the C-2 proton require the intrinsic secondary 2H kinetic isotope effect to be effectively unity. For the concerted mechanism, an intrinsic effect of unity would be consistent only with an extremely asymmetric transition state that is dominated by C-H bond cleavage.